
LA-UIW-AZ34 /

LA-uR--88-1734

DE88 010931

TITLE COUPLED-BUNCH INSTABILITIES IN RHIC

Eugene P. Colton, NP-i4

Ims Alams National I.aboratory

AUTHOR(S) J. Bisognano, CEBAF

E. Gianfelice, Naples

SUBMITTEDTO Proccdinqs of the Workshol) on RI{IC Performance?
Brookhaven National Laboratory
[Ipton, Lonq Tslard, New York
March 21-26, 19FIR

l)lS(’l,AI%l~,R

1111sr.pbfl *,1, I$frp,armt ,8. ,1, ,,, 8 ,,11111 ,,1 w,,,k .,pmn.abrttl h, ,,,1 ,Iprll, b !)1 1)1!’ I rlllrll \l,llr\

f ,,, brfnrl!rf)l %I,llllrl Ihr I Illlfwl \l,ll t.. fv8, \4,1rIfl It.111 11,,1 ,Ini ,i$rlI, b lllcr r,- 1 .111) !11 lhclr

IPIIIl,l II\W\ m,thr. II)\ a,lr, ,rnl, , 11,1.\. ,,1 Il!lpll (ml. ,Ir ,1,,11111 r., III% lry.11 11,11111, t II rc\pm\l

1,,1,, ,, l,,, I\,,. ,$ , ,,, ,,, , ,,,, ,,,l,. 1,. ,,,.. ., !,, llwtl Jlllr\\ ‘!1 111} Illl!lr !ll!tllllrl, .;llll,lr,lll l%. plldll (l, !11

PII. F\\ (I IwIIP.I’11 ,If rf.prrwrll. 11,11 II. tI\c *11111,1n,,! ,nllll)~c prtt,ult.1) ,wIIml rIM)II. H<ICI

,.n,f’ Ilrrt,lll tan Illb p-l It 8 ,brl)17ttr, I II ;srfuj II. 1 ,910.c,, r .t, r& It I, ht 11.911v Ila 1111C. Irllllrllllllk

II I, III II I,IR Ilirrr ,,, ,,, l,rrm, ,v ,1, .,.. ,,, ,, ,!,., !....,,:,!%. , ,, V,,.:, :;; :V ,,,
illillli ,1. ,I,,l!,, .r,,, r,,l rra ,,111

Illcl!ll.lll, m Ir I Ii IIr, IIU ~I\ Ihr 1 11111.11 ● t.IIrs ~t,,. I. III II II, rII ,mr .III\ .IVCII, \ Ihrrr,,l IIIr ,ICW.

tmt ,,plnl,trl. .,1 Iuilh,,r. 1.RIIII.5w,I I)a.ra,ll) Ii, , 71491 m., I.\., tIIl\ ,I,,[v II Irllr, ! Illlw >,! Ilw

I r,,lr, j \l.,1~, f,,,, r~.,,,,,.,,l ,,r ,,,,, .,*,.,,, , ,1, cr(.,,,

~()~~k)~~s Los.,a.o.,.e..e.,..87~~ fipoLos AIamos Nahonal Laboratory

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



COtJPLEI)-B[JNCH 1NSTAEIILIT13S IN RHIC

lll\l%l lLtilflllll~ \\l’11, l“;lllll-l] 11111 ;Il 1111111 111111 Ill Ill [kllll.111 l’ll!’l Il\ 11( 1[1.; ( ;l’\” illllll)

I



‘1’~l)lt’ I : l~ixt.tl Llltt.l]i]lr l’iil”iilll(”lt’~S (1{11 [(’)



‘lhl)le 2: ‘1’rmsvrrsr l{rsisl ivr-Wnll (Jrowtll I{nlrs

I
f.

OTI7H

1.17N

2.17X

3.17X

4.17s

1/1 (WY’ ‘ ) 1/1 (w” ‘ 1

$~ w willl ct.

(Ihi

().~r,

().1s

().lr)

().1:{

3 Studies of the Trnnsvw=se Coul)ld-Bunch Insta-
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~’ve see that the motion iri agai]l llllstal)l(m, {Illr prilllmily to the parasitic rides with

fastest. growth time of the ortler of I4 HIst=c. ‘1’lIe Iirsl resollid.or Iisl.ed ill Table 6 is cli-

rectlly respm~sible for this cam: ‘l~l]t’ freqllellcy (If tile rwmnal]ce Iw”illg f=( 18*57 t 8)* f~.

As we saw shove for the illject.iol~ rlIcrKy, i II(JI.(- is still illslllliriellt syndwot.rm freqllency

s])re,ad 10 I)rovich= Idan(lall (Iw])])ing a~itillsl 111(.s(’ illsi al)ililim; 1.lw ratio of IIlr arms Or

t.llr I)llncll h hlckd are jllst 0.1 at tlIr ~.IItl O( itccrlcrntim. ‘1’lNureqllircment for lJal]-

~lmI dalllping is I f3w=,1 [ ‘:_ 1.37, I)llt. [11~. t“flllli)ll~~’(l vi,llw nf I ~w..,l I is 74 for lllr w~r~t

Cnsr (s--8).

N(’xi w(’ rwlsidrr t.lw lol)~it.ll(li]~ill St i]lliliiy fLIr ill(lllsioll of IIIe higl) h-mlum]ry II

svst(,ll], w]lit”ll is tile 11.:-.’27.3(; svst.el]l al t II(’ Inl) (.llt’rg\’. ‘1’lw fll]ldament.a] rf frmllwl]cy.
is ~1 :fm~}:]:{~lli~ allf] t,llf. ~sslllllf.(1 ll~t, v~)l(;]~f- is IT) hf\’ (I)ea,k); tile total S]lllllt rrsistallrr

is 11](1.575 Nfoljlll m]cl tllr Q is 4(iNH). \\-(s I ;wil Iy ;Issllll]r thal t.ht’ low freqlmllcy rf

sf’sl (.111 is trill]sl>arrllt. (Ilmlrxistrlll ) ffll” f 11(’w’ Cill(”l llillif JllS. ‘1’lw l]i~ller-or{ler parasit it”

111~1(11’Sill-f’ ilfl~t])l~m~l fl”~~lll 111~”( !II;I{N WV]rk:’ ilil(l ;Irv Iistto{l ill ‘1’ill)lr 9 (tllv ]lli]l]l~t’rs rrrf-r

10 l:, (’il\~ilit’S with I hll/ f.;lrll).

‘1’1](’ \“;IIII(”s (II tllf’ Sllllllt rf.sisl;Lllfxms ;l~;lill rf.l)IIostsIIl t III, 1~(.ssilllist i(” f;Lstm Ivllf.rf. :111

f“;lvi( i(’s ;I1’f” ifl(’1ll.il”il.l. ‘I’]l[. ~A 1) IIIIIS lY,,I.,. (;lll.i,.,l ,111(;IS [It.s(ril)[,(l ill)(,~~’ ;III(I \Y(SIilsl

Im”fr)rl]lrvl I II(I rIIt IS ;wslllllil]~ ;I I)l”(m(ll);lllfl Zlljll Ill” (1 IIllllls. ‘1’l]r rt’sldts (rw lIIV ri~i(l

{lil)~~lt’ ll]~lli(~ll (il I ) f(ll” III(’ Iiv[’ lilSt {’St ul’,l\\”lll I“;llf’+ ;,1’,, Iisiwl ii] ‘1’;11)]1”1[).
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‘1’d)lc lo: I,ollgitj;ldillal (!ml])lml I]IIIICII ]]lsl.ahilit,y lieslllts al. 100 (;eV/alllll IJsillg Il]r

11=2736 d’ systc’m

s lie Aw$ 1/1

( 1/sCc) ( 1/se(-)

~~ 72.8 4.3 (cl)

3t4 -0.8 3.4 ([1)
‘).4 .!j. (] 2.4 ((l)

45 -1.6 1.6 (d)
‘J~ ().2 0.!3 (d)

All of t.lle instabilities are damped ((1) ljy synch rott-on freql~e~lcy spread l~y virt.~w of

t IW illcreamxl ratio of l~tl]~cll/lnlcket area. We ilwreased the Immdlmnd Zll /n ill st.e]~s

Illlt.il tile damping was lost} I]ecallse of increasrd vallles of lle(flw~,l ); when Z1l/11 is ill

t Iw range of !5-1 O ohnM (and ahovr) t.l]e rlanl]~illg is lost. According to Table 10 the

growth rates for the rigid dipole mmlrs arr 0( tl~c order of 17 Limes

for tilt’ case of t.l]r II-.342 rf svstrl]l.

s Discussion

‘1’lIecn]lllrlellt.swllirh follow arc strict]y trll(~ ftv- R1l [[! with a Iill

ims; a rqxd of ollr analysis willl proh)lls nem]s to IJC pcrfornwcl.

Wit.11 regiwxl 1.0 lrallsvvrs~ r{)ll]~lrfl-1)111](.11illsl.al)ilil im it al~])t.ars

smaller t.llan t I1OSCI

of 5.7 x 10’” gd(l

that tllr w{~rsf raw’

~r(~wlll rates arc grl]crat.r{l l~y t.lle rrsist iv,. IV;I,IIil]stal)ility, A l~rw frcqll(.llc-v trittJsvrrwi

ilillll])f’l- is rrcrmll]lcll(lr(l for stal~ilizat.if~ll. I lw. (~1’it rf)l(l-col)pcr mating (Ml tl!lr insiflr

i~f t II{. st.ail]lcss strrl vm.1111111Cllil,llll)t’1”r(’(lll(-(~s I 11(’grl NJtll rid(’S 1)-Ya factor (If l’(~llglll~

~{[) ii. W(* ilSSlllll(m ;1 (“oilt,t’(1 l“llil,llll){.1. ;11”011]1[1t]ll. {.llt.ir{’ t-il”f.lllllf(’r(”ll[’f?.

‘1’11(. silllilti~lll ill r(’~ar[l 10 11(. l(lll~itllflill;ll (.(j~ll)lt’tl-1)1111(’11illst.;ll)ililit.s is II(JI (Illil[’

so (.1(.;11.., il,SSllllll)t ion of I)i].1.;l,sl!.i(’ Illf)(l(,s l\I1. ;IS t.f.( Illlllllill t-;lvitif’s rlltai]s S(]lllt’ il,lll(llllll

III” 11111.~-l’tilitlity. N~.v~IrIII~~lIw lull. II;IS I.(I I~S,Sl)IV.t 1111. I)ol[.llliill Ilill”ll] [)[’ 11](’M. llill’lull\\?

I);lllfl “l”lm Sllllilt.f)l”S.” 0110” Sl, {)lll(l (,11( 1(.;lwlr II) Iifw.1) (11(’ 1)1’ilil{ll)illl(l YJ1l/1] III ;1 lll\V I’illlll”

(III. 11111 lill~. S:I,V (II’ tlIf’ f)r III’r III’ ;I l;’\v fIIIII IS, ‘1’111’rl’ ;Il)l)l’al’s Ill I)f” it Illy;)livf, ;lS1)lll”l
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dalllping againsl tlhe worst ilmtlal~ililies. Nfore rccu]( dcvcl(ll~mellt.s may challgr I his

scmario in tht= fllt.ure anfl tll]ese c.ollplcd I)llllcli allalysm will IIavc to he repeat.td. ~’l]t”

higher freqllem-y rf S-vsilem affords ample s-vndlrdlr[)ll frl’qlnvlr.y spread so as to Landfill

tialnp t.lle worst modes, *S long m we maint.sill a I]mlest. slrirt impt=dame Imdgd. III
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APPENDIX

Calculation of the CoInplex )+equency Shills
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